INTRODUCTION
If one were given the spatial distribution in some detail of the mass within the disk of a galaxy, would it be possible to compute with something like equal detail the gross velocity distribution corresponding to it? Here we attempt to do this for a hypothetical spiral galaxy with an assumed plausible mass distribution by employing a substantially revised adaptation of the method used customarily for analogous problems in meteorology. Only the simplest arrangement of the method is followed, which incorporates gravitation as the only real force present. This introduces obvious shortcomings in the results, which might perhaps be corrected later through the introduction of additional force fields. It is felt, however, that there is something to be said in favor of a piecemeal approach, because even this simple scheme presents features of considerable interest. The actual calculations were carried out on an IBM 7094 computer.
DESCRIPTION OF MODEL
The fact that most spiral galaxies are remarkably thin suggests that without much loss of realism, they might be represented as lying essentially within a plane. If a galaxy is described in cylindrical coordinates (r, 0, z), the z dependence of the mass field might then be represented by the Dirac delta function 8(#) so that
where px represents the surface density. This assumption leads to a two-dimensional representation of the velocity field so that all mass would continue to lie in the plane z = 0. 315
The particular analytic distribution used was A cos8 (P log r+0)+B "1 = (f+ãP (2) where A and B are constants specifying the relative densities of the arms and radially symmetrical part of the mass field respectively. P regulates the tightness of the spiral arms and a determines the rate at which the mass drops off with increasing radius. A is defined only for ri -r -ro, and B for r -ro, thus assuring that the mass of the galaxy is finite and there are no singularities. The mass field can be thought of as consisting of a symmetrical and an eddy component, namely,
1 r27r where [P] = _ I (p)dO ( Fig. 1) (4) where A is the area of the disk, R is the distance between the point (y, ff) and the point (r, 0) giving the location of the area element, âA, and G is the gravitational constant.
COMPUTATION OF VELOCITIES
Such computations were made for the model with the 7094 computer, the results of which are shown in Figures 1 and 3 , where [<£] is the symmetrical and $ the eddy part of the potential field. Each is shown with the corresponding component of the mass field. It is assumed that the centrifugal force associated with O, the mean angular rotation, just balances the mean inward , as functions of radius. The total mass of the galaxy was assumed to be 1043 gm, and r0, the radius of the galaxy to be 5 kpc. The constants in eq. (2), A, B, P, and a were set equal to 9, 1, 2ir, and 2.5 respectively. For these assumed values, one unit of density in the figure represents 2.12 X IO41 gm cm'2, and one unit of potential represents 9.17 X IO13 cm2 sec'2. gravitational force, and thus O is determined by the symmetrical potential field (Fig. 2) . Starr1 and Dickinson2 have shown that if there is an approximate balance between coriolis-like forces and the eddy part of the gravitational forces, the eddy velocities may be determined from the 'p field as follows :
where u is the radially outward and v is the tangential (positive counterclockwise) velocity component. Starr has suggested that these relationships be called the galactostropic equations because of the similarity between them and the geostrophic equations for the earth's atmosphere. They differ from the latter in that they include the effect of differential rotation (dO/dr) which is absent in the geostrophic case.
Were it not for this shear in O, equations (5) would imply that the isolines for 'j/ constitute streamlines. Actually there exist moderate departures from this condition. No attempt is made to picture the eddy velocity field directly. However, some of its important properties are investigated below. The presence of the shear term permits significant divergence to exist in the galactostrophic velocity field. This divergence (V.V, where V is the galactostrophic velocity vector) is shown in Figure 4 . The associated mass divergence for the sum of the galactostrophic and the mean motions, V./oiV -j-®>dpi/d6 is shown in Figure 5 . The continuity relation ^ + V.P1V + Q^=0 (6) makes it possible to interpret this mass divergence as the instantaneous rate of change of density at a given point, within the accuracy of the velocities used. the galactostrophic eddy motions across circles of constant radius.1 This effect was computed from the relation Eddy Flux = r2 C**pi uvdß (7) Jo and is shown in Figure 6 .
Starr and Peixoto3 and Starr and Newell4 have discussed the fact that in a model possessing a spiral mass distribution there must exist an outward flux of angular momentum across circles of constant radius due to the torque exerted by gravitational forces. For our isolated galaxy this effect may be represented in terms of the eddy potential as follows Gravitational Flux = -f V* pi j>L ¿ß dr.
(8) Jr JO 00
The computed results are also shown in Figure 6 . Figure 4 indicates that convergence tends to occur in the vicinity of the arms while divergence occurs in areas of low mass concentration. Note that if the direction of rotation of the galaxy were reversed the divergence would change sign so that the arms would be in areas of divergence. Thus there exists in the model galaxy a selective action favoring growth of trailing arms. Unless opposed by forces neglected here, this would eventually result in all the matter in the galaxy being concentrated in the arms. If, on the other hand, the galaxy rotates with arms leading, it is difficult to see how they could long exist. Starr has shown that this selective instability for trailing arms would exist in any model where the present kind of galactostrophic approximation is used. b) Although the matter in the galaxy is rotating with a mean rotation O, the motion of major features like the arms is not necessarily the same. The mass divergence V./aiV + Qdp^dO indicates, according to (6) , mass changes at fixed points due to both rotation and changes in the structure of the arms. Figure 5 shows that the density is increasing in front of the arms and decreasing behind them, indicating that the arms are rotating in the same sense as the particles themselves. However, probably only a more detailed analysis could provide information concerning the future state of the galaxy, for the galactostrophic equations as they stand are no doubt too crude for direct timeintegration purposes.
c) The random motion of the stars produces an effect which in a much simplified sense is analogous to that of pressure in a gas. Qualitatively speaking, areas of high surface density will in a general way be areas of high pressure. The pressure effect could be added as a correction to the gravitational potential, thus allowing the velocities to be computed in much the same manner as before.
d) It can be seen from Figure 6 that the fluxes of angular momentum due to gravitational torques and eddy processes act in such directions that they tend to balance each other. Here too, it might be interesting to speculate upon the effects of the pressure correction suggested in the previous section. The corrected gravitational potentials will have smaller deviations from the mean, and thus velocities will be reduced or even reversed. As a result, the eddy flux, which contains a uv product might be considerably smaller. The gravitational torque will however be unaffected, and thus the inclusion of the pressure term should tend to effect a better balance between these two terms in the present calculation. e) P.O. Lindblad has also obtained results which suggest the spontaneous generation of spiral arms.5 Using a finite number of self gravitating mass points arranged in concentric rings about a large central mass, he found that small initial perturbations would eventually grow and develop a spiral shape. Prendergast has investigated the barred spiral configuration from a fluid mechanics approach somewhat similar to the one used here.6 In his work, the mass distribution was inferred by the potential distribution.
j) The gravitational potential was calculated using a numerical integration procedure which overcame the rather large truncation errors present in the computations for M 51 made by Starr.4 The potential at any point is simply %mi/di where mi is the mass in the ¿th elemental area and di the distance to it. For this purpose a cartesian grid was used. It is evident that the potential at a point will receive larger contributions from nearby masses than from equal masses farther away. It was decided that, while a very fine gridwork (i.e. small elemental areas) would be necessary very near the point, the gridwork could be made increasingly coarse with distance from the point. This variable net gives results substantially the same as those that would be obtained using a uniform, very fine one, and has the advantage of decreasing the computation time by a considerable amount.
g) It must be stressed that the assumptions made in this study result in only a crude estimate of the velocity field. The errors in the galactostrophic wind field may have associated divergences that are as large as those computed in this paper. However it is felt that it is of some value to know the behavior of the galactostrophic divergence, for it at least contributes a sizable amount to the total. It must also be noted that the presence of any sudden changes in the galaxy, as would be caused by collisions or large-scale explosions would render the method of analysis used here totally inadequate.
h) In order to present our model galaxy in a manner which might be physically more meaningful to the astronomer we have compared its mass and velocity distributions with those computed for the Sc galaxy, NGC 1084, by Burbidge, Burbidge, and Prendergast.7 In order to compare the surface density distributions it was necessary to integrate the density of NGC 1084 with respect to the coordinate perpendicular to the galactic plane. For purposes of comparison, the total mass and diameter of the model galaxy were set equal to those of NGC 1084. The results are shown in Figure 7 . It should be noted that the mass distribution of our model was of necessity chosen for convenience of representation mathematically and not to represent any particular galaxy.
This type of analysis is only a first step in the study of galactic evolution. A more refined method of computing velocities is needed before more significant conclusions can be drawn. In addition, the z dependence of the mass and velocity fields deserves attention.
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